Objective To elucidate the clinical characteristics of IgG4-related retroperitoneal fibrosis (RF). Methods IgG4-related RF was diagnosed when all of the following three criteria were fulfilled: retroperitoneal soft tissue masses surrounding the aorta and/or adjacent tissues, elevation of the serum IgG4 levels, and abundant infiltration of IgG4-positive plasma cells in at least one organ or site. Ten patients were diagnosed as having IgG4-related RF. Results The mean age at diagnosis was 70.1 years, and the male-to-female ratio was 1:0.6. Only two patients had initial symptoms predominantly related to RF (back pain and edema of the lower extremities), while the remaining eight patients reported initial symptoms due to associated diseases. On laboratory examination, a severe inflammatory reaction was observed in one patient. Elevation of the levels of serum IgG and IgE, eosinophilia and positivity of antinuclear antibodies were detected in seven, five, two and seven patients, respectively. The retroperitoneal masses were detected primarily in the left renal hilus in four patients, in the periaortic region in five patients and in both regions in one patient. Hydronephrosis was present in five patients. The histological diagnosis was confirmed in the retroperitoneal masses (resection, n=1 biopsy, n=2) and extraretroperitoneal lesions (n=7). Twenty-four other IgG4-related diseases were found to be associated with IgG4-related RF in nine patients (autoimmune pancreatitis (n=2), sialadenitis (n=4), dacryoadenitis (n= 5), lymphadenopathy (n=9), pulmonary pseudotumor (n=1) and pituitary pseudotumor (n=1)). Seven patients underwent steroid therapy, all of whom responded well and showed no instances relapse. Conclusion IgG4-related RF has several clinical characteristic features. Our diagnostic criteria may be helpful in obtaining a correct diagnosis.
Introduction
Retroperitoneal fibrosis (RF) is a rare disease characterized by the presence of fibro-inflammatory tissue that develops around the abdominal aorta and iliac arteries, often entrapping the ureters (1, 2) . In 1948, Ormond described two patients who presented with anuria caused by bilateral ureteral obstruction due to envelopment and compression of the ureters by an inflammatory retroperitoneal process (3) . Although medications, infections, malignancies, trauma, and surgery have been reported as secondary causes of RF, most cases of RF are idiopathic in which the cause is unknown (2, 4) . Department Autoimmune pancreatitis (AIP) is a peculiar type of pancreatitis characterized clinically by its predominance in elderly men and steroid responsiveness, radiologically by enlargement of the pancreas and irregular narrowing of the main pancreatic duct and serologically by elevated serum IgG4 levels (5, 6) . Histologically, AIP is characterized by abundant infiltration of IgG4-positive plasma cells and lymphocytes, dense fibrosis and the presence of obliterative phlebitis in the pancreas, a pattern termed lymphoplasmacytic sclerosing pancreatitis. This entity is associated with extrapancreatic lesions exhibiting histological features similar to those of the pancreas and is currently considered to be a pancreatic manifestation of IgG4-related systemic disease (6) (7) (8) . RF occasionally occurs as an extrapancreatic lesion of AIP, and some forms of RF can be classified as IgG4-related disease (9, 10) . However, most papers published on the topic of RF do not include the concept of IgG4-related RF (11) (12) (13) (14) . Although the literature contains several case reports of IgG4-related RF (15) (16) (17) (18) , only one such case series has been published (19) . We accordingly examined the clinicopathological features of patients with IgG4-related RF.
Materials and Methods
Considering the diagnostic criteria for definitive cases in the comprehensive clinical diagnostic criteria for IgG4related disease (9), IgG4-related RF was diagnosed when all of the following three criteria were fulfilled.
1. Soft tissue masses surrounding the aorta and/or adjacent tissues on computed tomography (CT) and/or magnetic resonance imaging (MRI); 2. Elevation of the serum IgG4 levels (!135 mg/dL); 3. Abundant infiltration of IgG4-positive plasma cells (! 10/high power field (HPF)) in at least one organ or site.
Patients
Between January 2003 and July 2012, ten patients treated at Tokyo Metropolitan Komagome Hospital were diagnosed as having IgG4-related RF. Secondary causes of RF, such as medications, infections, malignancy, trauma, surgery and radiation therapy, were excluded in all patients. During the same period, 53 patients were diagnosed with AIP, 18 patients were diagnosed with IgG4-related sialadenitis, and 12 patients were diagnosed with IgG4-related dacryoadenitis. All 10 patients with IgG4-related RF underwent systemic CT (neck to pelvis) and MRI, including magnetic resonance cholangiopancreatography (MRCP). Five patients underwent F-18 fluorodeoxyglucose positron emission tomography (FDG-PET). We experienced no patients with other types of RF duaring this period.
All patients provided their written informed consent to undergo the examinations. This study was approved by the Institutional Review Board of our hospital.
Data analysis
The following data were analyzed: clinical findings including age, sex, initial symptoms, and allergic history; laboratory findings; radiological findings; associated diseases; and treatment and prognosis.
Results
The mean age at diagnosis of IgG4-related RF was 70.1 years (60-79), and the male-to-female ratio was 1:0.6. Various initial symptoms were present. Those predominantly related to RF included back pain (Case 5) and edema of the lower extremities due to compression of the inferior vena cava (Case 8), while other initial symptoms were due to the associated diseases. A history of allergies was detected in five patients (Table 1) .
On laboratory examination, leukecytosis was observed in three patients and elevation of the C-reactive protein (CRP) level was observed in six patients. However, the inflammatory reaction was thought to be severe in only one patient (Case 2). Eosinophilia was detected in two patients and elevation of the serum IgE level was detected in five patient. Mild anemia was observed in three patients and mild hypoalbuminemia was observed in four patient. Mild elevation of the serum creatinine level was observed in four patients. The mean serum IgG4 level was 735.3 mg/dL (143-1,790). Elevation of the serum IgG level was detected in seven patients, and antinuclear antibodies (ANAs) were positive, albeit at a low titer, in seven patients (Table 2) .
Radiologically, the retroperitoneal masses were located primary in the left renal hilus ( Fig. 1 ) in four patients, in the periaortic region ( Fig. 2 ) in five patients, and in both the periaortic region and the left renal hilus ( Fig. 3 ) in one patient. The retroperitoneal masses in the renal hilus involved the ureter and were associated with hydronephrosis in five patients (left, n=5; right, n=1). Resection of a ureteral mass was performed on suspicion of a ureteral tumor in one patient (Case 5), and resection of an abdominal aneurysm was performed in one patient (Case 9). No patients exhibited extension of RF to the extra-retroperitoneal space. No round or wedge-shaped renal lesion, which are sometimes associated with AIP, were observed in any patients.
The histopathological findings of the resected ureteral masses included marked fibrosis with abundant infiltration of IgG4-positive plasma cells and lymphocytes and oblitera- Periaortic region -8
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Periaortic region -*: The lesion was histopathologically examined. Twenty-four other IgG4-related diseases were present in nine patients. The associated diseases included AIP (n=2; simultaneous, n=1 and metachronous, n=1), sialadenitis (n=4; simultaneous, n=1 and metachronous, n=3), dacryoadenitis (n=5; simultaneous, n=2 and metachronous, n=3), lymphadenopathy ((n=9; mediastinal lymph nodes (n=6, simultaneous, n=4 and metachronous, n=2), retroperitoneal lymph nodes (n=3, simultaneous) and cervical lymph nodes (n=2, simultaneous, n=1 and metachronous, n=1)), pulmonary pseudotu-mors (n=1, simultaneous) and pituitary pseudotumors (n=1, simultaneous). Abundant infiltration of IgG4-positive plasma cells was histologically confirmed in the salivary glands (Cases 3 and 7), lacrimal glands (Cases 1, 4, 7 and 9), mediastinal lymph nodes (Cases 2 and 10) and pulmonary pseudotumors (Case 2). On FDG-PET, FDG uptake in the retroperitoneal masses were detected in three of five patients, and FDG uptake was also detected in many of the IgG4-related lesions ( Table 4) .
Seven patients received steroid therapy and all responded well. The initial dose of oral prednisolone was 10-50 mg/ day, which was gradually tapered by 2.5-5 mg every onetwo weeks referring to serological and imaging tests (20, 21) . Maintenance therapy with low-dose prednisolone (2.5-5 mg/day) was administered in all of these patients, and no patients exhibited relapse. None of the five patients with hydronephrosis developed renal dysfunction. Three patients were conservatively followed up. Eight patients remain under follow-up, with the remaining two patients lost to follow-up four and five years after diagnosis, respectively ( Table 5 ).
Discussion
RF was first reported by Ormond (3) in 1948 and has since been documented widely. When all identifiable causes are excluded, the condition is labeled idiopathic RF (2, 4) . Some cases of idiopathic RF involve other idiopathic sclerosing lesions, such as sclerosing cholangitis and sclerosing sialadenitis, a condition that has been referred to as multifocal fibrosclerosis (22) . Based on recent studies of AIP, a new entity of IgG4-related systemic disease has been proposed (6, 9, 10) . Currently, multifocal fibrosclerosis is considered to be equivalent to IgG4-related disease (6) . Some forms of RF can be categorized as IgG4-related disease (15) (16) (17) (18) , and several cases of RF have been reported without obvious manifestations of AIP (19) . We conducted the current study in order to elucidate the clinical, laboratory and radiological presentations of RF at a single center using data collected in a prospective fashion.
No diagnostic criteria for IgG4-related RF currently exist. In the present study, by considering the diagnostic criteria for definitive cases in the comprehensive clinical diagnostic criteria for IgG4-related disease (9), we created diagnostic criteria for IgG4-related RF. These criteria comprise typical radiological features, elevation of the serum IgG4 level, and the histological finding of abundant infiltration of IgG4positive plasma cells. The radiological criterion includes the presence of soft tissue masses surrounding the aorta and/or adjacent tissues. Masses located in the renal hilus frequently involves the ureter. Such masses evokes hydronephrosis and are sometimes misdiagnosed as urinary tumors. Retroperitoneal malignant masses such as malignant lymphomas and metastatic tumors may also be present. With regard to the histological criterion, the histological findings observed at sites other than that of the retroperitoneal mass can be used, as performing biopsies of such masses is usually difficult. In seven of the present cases, the histological criterion was confirmed in extraretroperitoneal sites.
The mean age at diagnosis of IgG4-related RF was 70.1 years in our series, whereas previous studies have reported a younger mean age at diagnosis, ranging from 54.2 to 64 years (11) (12) (13) (14) . The male-to-female ratio was 1:0.6 in our series, which is similar to that previously reported (1:0.3-1:0.8 (11) (12) (13) (14) ). In one review of 14 cases of IgG4-related RF (23), all patients were men and their mean age was 67 years. A series conducted by Zen et al. (19) Analyzed 10 cases of IgG4-related RF, in this study, all of the patients were men, with a mean age of 66.5 years. These findings are consistent with the predominance in elderly men observed in cases of AIP.
Abdominal and/or back pain is reportedly the most common symptom, affecting 88-94% of RF patients (11) (12) (13) (14) . However, in the present series, symptoms predominantly related to RF (back pain and edema of the lower extremities) were observed in only two patients, and the remaining eight patients reported initial symptoms due to associated diseases. In this study, 24 other IgG4-related diseases (AIP, sialadenitis, dacryoadenitis, lymphadenopathy, pulmonary pseudotumors, and pituitary pseudotumors) were detected in nine patients. Fourteen IgG4-related diseases were diagnosed simultaneously with IgG4-related RF, nine IgG4-related diseases were diagnosed previously and one case of AIP occurred one year after the diagnosis of IgG4-related RF. In Zen's study (19) , pain was observed in only 40% of the patients, and other IgG4-related diseases occurred in half of the cases. As IgG4-related RF is frequently associated with other IgG4-related diseases, some asymptomatic IgG4related RF cases may be detected during screening examinations for other IgG4-related diseases. Furthermore, in this study, the average serum IgG4 level in the patients with IgG4-related RF was 735.3 mg/dL, which is higher than the 301.5 mg/dL reported in 39 patients with AIP and the 357.0 mg/dL reported in 18 patients with IgG4-related sialadenitis (25) . The activity of IgG4-related RF may be higher than that of other IgG4-related diseases.
On FDG-PET, FDG uptake in the retroperitoneal masses was detected in 60% of the patients, and FDG uptake was also detected in many IgG4-related lesions. FDG uptake has been reported to occur in 81% (13)-100% (11) of retroperitoneal masses. On CT, the presence of multiple lymphadenopathy adjacent to the retroperitoneal mass is detected in 26% of cases (13) .
In terms of laboratory examinations, the frequencies of several conditions obsereved in the present series were similar to those previously reported in the literature: anemia (30% in our series vs. 38% (11)-64% (13) reported in the literature); hypoalbuminemia (40% vs. 32% (13)); increased levels of CRP (60% vs. 58-79% (12-14)); and positivity for ANA (70% vs. 5-42% (11) (12) (13) (14) ). In the current series, a history of allergies, eosinophilia and elevation of the serum IgE level were detected in 50%, 20% and 56% of the patients, respectively. Among the AIP patients, a history of allergies, eosinophilia and elevation of the serum IgE level were detected in 22%, 11% and 34% of the patient, respectively (25) . Allergic mechanisms are suspected to be involved in the pathogenesis of IgG4-related RF as well as AIP.
In this study, the locations of the RF masses included the renal hilus and periaortic region. IgG4-related periaortic lesions are classified as IgG4-related aortitis/periaortitis, IgG4related aortitis/periaortitis can occur in the thoracic aorta, and some lesion of IgG4-related abdominal aortitis/periaortitis may overlap with those of IgG4-related RF (10, 23, 26) . Discriminating between the two diseases depends on the predominant location of the lesions, however, further studies are required to clarify this relationship.
In keeping with previous findings in the literature, positive responses to steroid therapy were detected in all seven patients treated with steroids. Although Zen et al. (19) reported one patient with IgG4-related RF who relapsed twice over 14 years after the first remission following the administration of steroid therapy, no instances of relapses occurred in our series. Moreover, malignancy was ruled out during follow-up in all of our cases. The most important disease that should be differentiated from RF is malignant lymphoma occurring in the retroperitoneum (12) . Although conducting a histological investigation of the retroperitoneal mass is necessary in order to discriminate RF from malignancy in some cases involving atypical imaging findings or normal IgG4 levels, we consider our diagnostic criteria for IgG4-related RF to be appropriate for most cases. The first limitation of this study is that number of the patients was too small to be conclusive. Secondly, we experienced no patients with other types of RF.
In conclusion, IgG4-related RF exhibits a predominance among elderly men, frequent associations with other IgG4related disease, occasional allergic manifestations and responsiveness to steroid. The diagnostic criteria for IgG4-related RF described herein may be helpful in correctly diagnosing this disease.
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